The chronic spinal muscular atrophies (SMA) of childhood cause progressive disability in that important group of children who are physically handicapped by genetic disease. A study of the individual families of children with this condition indicates that both autosomal recessive and autosomal dominant genes are involved. As the gene concerned is common (Pearn, 1974) , it is appropriate that a formal segregation analysis be undertaken on family data available for this condition.
Segregation analyses can be used (a) to provide empirical risk figures for use in genetic counselling, even when the type of genetic transmission involved is not elicitible with certainty, and (b) to answer fundamental geaetic questions about the nosology of disease. If such an analysis is to be exploited for the second of these themes, the families which are used as primary data must comprise a clinically unselected series. Without this safeguard, subtle genetically determined clinical differences may lead to differing Received for publication 2 March 1978 segregation ratios in sub-populations of the series being studied. If this in turn is used to indicate genetic heterogeneity an element of illogical circularity may be introduced.
Recently, a large consecutive series of index cases of chronic childhood SMA has been collected from 2 major English centres (the Hospital for Sick Children, Great Ormond Street, London, and the Regional Neurological Centre, Newcastle upon Tyne) which function as referral hospitals for children with this disease. The availability of this data has allowed a formal segregation analysis to be undertaken, not only to provide empirical risk figures for genetic counselling, but also to answer certain hitherto unresolved theoretical questions about the genetic implications of the disease.
Methods

INDEX CASES
There were 124 index cases (67 females and 57 males) occurring in 115 families. Ascertainment, clinical, and family details are published in full in a series of Appendices to a nosological paper by Pearn et al. (1978) . The primary family data are also available from the University of London (Pearn, 1974 ).
An index case was defined as a child (0 to 15 years) who had SMA, who had presented to either of the tracing centres at any time between 1961 and 1970, inclusive, and who, being ascertained from either tracing source, independently brought the family to the notice of this study. Cases with an affected parent (2 index cases) were excluded. Cases of acute infantile SMA (termed type I by Emery, 1971 ) are known to be a separate genetic and clinical 
ASCERTAINMENT
The interpretation of segregation ratios depends to some extent on the method of ascertainment of index patients and is the subject of many published reports (Li, 1961; Maynard-Smith et al., 1961; Crow, 1965 ). In the current study only sibships with an affected member were studied, selection thus being incomplete in the genetic sense (Morton, 1962; Crow, 1965) . It was appreciated at the outset that the study would result in multiple selection, but that the London series would tend more towards single selection, and the Newcastle series towards truncate selection.
Because of this heterogeneity, the correct approach was to use the Weinberg Proband method (Crow, 1965) . This is a direct calculation of the proportion of affected sibs of index patients. C. 0. Carter (1973, personal SE p(l-) n where p is the segregation ratio, and n is the total number of sibs of index patients (Armitage, 1971) . Confidence limits (CL) of 95% were obtained from: 95%CL=p+ 1-96 x SE. As an additional check, the proportions (of sibs affected) born before and after index patients were calculated separately. It was anticipated that this might have revealed an 'artificial' limitation of family size after the birth of an affected child. Many workers have felt that parents are much less likely to try for further children if a handicapped child is born (Bundey and Evans, 1969) , and supporting evidence for this was also forthcoming from some sub-groups in this analysis. The effect of this influence, if present, would have been to lower a segregation ratio to below 0.25 in children born before index patients if the disease was a true autosomal recessive one.
There are 2 particular shortcomings of the Weinberg Proband method. The first is that it is not always certain whether second or subsequently affected sibs, who appear also to be index patients, are in fact independently ascertained. If a steady trend is present to designate affected sibs wrongly as index patients, then the segregation ratio would be artificially raised. In theory, the range encompassed for the possible true segregation ratio can be obtained by a bracketing technique (Crow, 1965) , assuming the extremes of single and of truncate selection. This technique was also used, but the limits were found to be so wide that little extra practical information resulted.
Secondly, the Weinberg Proband method assigns undue weight to large families; this can be corrected using Fisher's modification of the Proband method (Crow, 1965) , by which a more accurate standard error (and hence 95% confidence range) can be calculated. The segregation analysis was also undertaken with a weighting factor (c) applied to each family size estimate, where -= 1 + X + po7r(S-3) c (x is the ascertainment probability, and S is sibship size) (Crow, 1965) .
To summarise, the Weinberg Proband method was the basic method used. This was supplemented by two modifications. The first made no assumptions about the ascertainment of index patients and was used to establish a bracket in which the true segregation ratio lay. The second employed a variance-corrected formula to correct for differences in family size. In practice, the result of each separate method of segregation analysis has given very similar results.
Results Table 1 summarises the results of the initial analysis to determine segregation ratios for this disease. On this initial step, the overall segregation ratio by the Weinberg Proband method was found to be 0.18 (SE 0.03 and a 95% confidence range of 0-13 to 0.23). This was significantly different from the figure of 0.25 predicted if transmission bv autosomal recessivity was assumed (0.02 > P > 0.01). There was no significant difference (P > 0.20) in this total group between the segregation ratios of sibs born before index patients (0.17) and ratios of those born after (0.19). However, the segregation ratios within families of index cases of early onset (before 9 months and before 12 months of age, analysed separately, see Tables 2 and 3 . From the data in these Tables, X = 0.457, and the improved (corrected) estimate of the segregation ratio was 0. 18 (with corrected SE 0.034). The 95% confidence range for this corrected segregation ratio was 0.11 to 0.25. The corrected segregation ratio (0. 18) was still significantly different from 0*25 at the 5% level (SMD = 1.793; 0.05 > P > 0.02). It can be seen that there was virtually no difference between the initial and corrected calculations of the segregation ratio (0.18 in both instances) and between those of the standard error (0.027 and 0.034, respectively). This implies that there was no consistent association between the proportion affected and the sibship size for this specific series of chronic SMA patients. Different segregation ratios corresponding to differences in the ascertainment probability (7r) and their standard errors have also been calculated; these Table 3 Segregation analysis (continued)for chronic childhood SMA. Data adjustedfor differences infamily size by using a weightingfactor C (Crow, 1965;  If it is true that SMA with clinical onset before 9 months of age is due, for all practical purposes, to an autosomal recessive gene, it is possible to form a crude estimate of the number of non-recessive index patients in the later onset groups. To do this, the assumption was made that the disease in familial patients was the result of a true recessive gene, and that the patients with non-recessive SMA were to be found among the simplex cases (Crow, 1965) . Table 5 shows that in this later onset group (that is, after 9 months of age) of familial index patients, 22 of 66 sibs were affected. This left 67 normal sibs of simplex index patients, occurring in 52 different families. Using 95% confidence limits, it was shown that the total numbers of normal sibs would be unlikely to have been less than 58 if the group as a whole was transmitted as an autosomal recessive. As 44 of these were sibs of familial index patients (Table 5) , this meant that a minimum of 14 were sibs of true recessive cases. Thus, a maximum of 53 (67 minus 14) were sibs of sporadic cases. As the mean numbers of sibs per sibship was 1. 3 (excluding index cases), this suggested that a maximum of 41 sibships, and hence isolated index patients, were due to causes other than a recessive gene. In a similar way, it was shown that the minimum number Emery (1971) , which he called SMA type III. There is no indication, however, from the segregation analysis that the disease in these latter patients is due to a fully penetrant autosomal recessive gene.
Discussion
Four other segregation analyses have been undertaken on chronic childhood SMA (Brandt, 1950; Winsor et al., 1971; Bundey and Lovelace, 1975; Emery et al., 1976) , the results of which are summarised in Table 6 . In addition, segregation ratios are available from 4 other studies (Byers and Banker, 1961; Gamstorp, 1967; Gardner-Medwin et al., 1967; Fried and Emery, 1971) . Brandt (1950) , in his classic study, used both Weinberg Proband and Sibling methods. There were 52 families in the study but we now appreciate that the series included many cases of infantile SMA (type I SMA of Emery, 1971 ). Brandt obtained a bracket for his segregation ratio of 0.30 to 0.38. The major difficulty of interpretation is that designation of index cases was uncertain; for example, there were 52 index cases in the 52 families, which is clearly incorrect in the light of later knowledge. However, his figure of 0.38 for the Weinberg Sibling method established a firm upper limit for the true segregation ratio. Brandt noted that this result implied genetic heterogeneity in his data, and felt that the bulk of cases were caused by an autosomal recessive gene. Winsor et al. (1971) undertook a formal segregation analysis on 60 families, but again children with both types of infantile and childhood SMA were included. Ascertainment was thought to be truncate (all cases in the drainage population were traced, but tracing was through families with an affected child). These workers used Hogben's method and a variance corrected formula; no actual segregation ratio was given, but no significant difference was found from the 0*25 expected on the null hypothesis of autosomal recessivity. These workers did note, however, that the presence of a small number of other forms could not be excluded. Bundey and Lovelace (1975) , in a meticulous study of 33 families with chronic childhood SMA, gave a segregation ratio of 0. 17. No error formula was given, but the appendices to their paper will allow their data to be used cumulatively as further studies are published elsewhere. They noted that their data indicated that the bulk of cases were transmitted by an autosomal recessive gene with an admixture of new dominant mutations. An analysis of cases presenting before 2 years of age gave a segregation ratio of 0-21, which indicated that the new dominant mutations were probably concentrated in the later onset group. This suggestion, confirmed in the present study, that the new dominant mutants differ clinically from most of the autosomal recessive cases is of great 
